Abstract In this study, the optimal conditions for the extraction of antioxidants from hard winter wheat bran (WH711) were determined using response surface methodology (RSM). A central composite face centred design was used to investigate the effects of three independent variables, namely solvent composition (%v/v), extraction temperature (°C) and time (minutes) on the responses; free phenolic content (FPC), total flavonoid content (TFC), total antioxidant activity (TAA), ferric reducing power (FRP), hydrogen peroxide scavenging activity (HPSA). Regression analysis showed that more than 90% of the variation was explained by the models of different responses. The optimal conditions for the antioxidantss extraction were found to be methanol concentration of 85%v/v, extraction temperature of 75°C, extraction time of 45 min, for wheat bran. The experimental values of FPC, TFC, TAA, FRP and HPSA were 0.921 mg GAE/g bran (B), 0.4588 mg CE/g B, 0.01408 mM AAE/g B, 2.532 mM AAE/g B and 3.193 mM TE/g B, respectively which agreed with those predicted, thus indicating suitability of the model employed and the suitability of RSM in optimizing the extraction conditions.
Introduction
Plant and plant products are being used as a source of medicine since long time. The medicinal properties of plants have been investigated in the recent scientific developments throughout the world, due to their potent antioxidant activities, no side effects and economic viability (Kumar et al. 2007) . Natural antioxidants or phytochemical are the secondary metabolites, of plants (Ramamoorthy and Bongo 2007) which are known as nutraceutical. Flavonoids and phenolic compounds widely distributed in plants which have been reported to exert multiple biological effect, including antioxidant, free radical scavenging abilities, anti-inflammatory, anticarcinogenic (Kumar et al. 2007 ).
Wheat (Triticum spp.) is one of the most important cereal grains which are physiologically composed of endosperm, bran and germ. Wheat bran is good source of secondary metabolites as phenolic acids, flavonoids, lignans, phytosterols, tocopherols and tocotrienols and dietary fiber.
Phenolic acids occur in a large number of plants as secondary metabolites. In case of plant foods, phenolics and polyphenolics constitute a main group of compounds that render beneficial effects, in part, due to their antioxidant potential, among other mechanisms of action. Phenolic acids are rather a small but important food component due to its antioxidative activity (Graf 1992 ). This basic property, which is very important for life, is associated with a number of biological functions such as antimutagenicity, anticarcinogenicity, and deceleration of the organism ageing. The antioxidative activity of cereal extracts is very different and depends on the extraction agent, the kind of cereals and, to a certain extent, also on the cultivar and the morphological fraction (Zielinski and Kozlowska 2000) . Extract of wheat bran, having high concentration of phenolic acids, was shown to have stronger antioxidant activity than other fractions of wheat (Onyeneho and Hettiarachchy 1992) . Ferulic acid is major phenolic acid present in wheat bran with other phenolic acid such as vanillic acid, p-coumaric acid, syringic acid, caffeic acid, p-hydroxybenzoic acid.
Significant levels of antioxidant activities were detected in wheat & wheat based food products suggesting that wheat may serve excellent dietary source of natural antioxidants for disease prevention & health promotion (Zhou et al. 2004) . Carotenoids, flavonoids, cinnamic acids, benzoic acids, folic acid, ascorbic acid, tocopherols, tocotrienols are some of the antioxidants produced by the plant for their sustenance (Ramamoorthy and Bongo 2007) .
In general, optimization of a process could be achieved by either empirical or statistical methods; the former having limitations toward complete optimization (Liyana-Pathirana and Shahidi 2005) . Empirical method adopted one-factorat-a-time approach which has inability to determine interaction between the variables, time consuming, costly and less effective (Chan et al. 2009 ). Response surface methodology (RSM) has been successfully used to model and optimize biochemical & biotechnological process related to food systems (Liyana-Pathirana and Shahidi 2005) . The principles and foundations of RSM were first introduced by Box and Wilson. The main advantage of RSM enables evaluation of the effects of several process variables and their interactions on response variables. RSM is faster and more informative than the classical onevariable-at-a-time approach or the use of full factorial designs (Ozddemir et al. 2008) .
Research shows that the interactions between genotype and growing conditions might significant alter the nutraceutical properties of the wheat bran. Many factors such as solvent composition, extraction time, extraction temperature, solvent to solid ratio, pH, and particle size, among others, may significantly influence the extraction efficacy (Kim et al. 2006; Qu et al. 2005; Marama et al. 2004; Pinzino 1999; Mpofu et al. 2006; Li et al. 2005; Silva et al. 2007) . Many researchers studied different nutraceuticals present in different fraction of wheat under different conditions using methanol as solvent. The free phenolic content (FPC) (Kim et al. 2006 ) and lignans (Qu et al. 2005) in wheat bran; TPC, reducing power and DPPH in wheat and its fraction (Marama et al. 2004) ; carotenoid content in wheat grain (Pinzino 1999) ; DPPH in red and white wheat grain (Mpofu et al. 2006) ; TPC and DPPH in Chinese black grained wheat (Li et al. 2005) have been reported by the researchers.
The proper extraction of the active ingredient is essential if they are to be of prophylactic or therapeutic value in human subjects. Therefore, isolation, identification and quantification of phytochemicals in foods & evaluation of their potential health benefits are needed to study (LiyanaPathirana and Shahidi 2005) . Liyana-Pathirana and Shahidi (2005) already explored the optimization of extraction of the phenolic compounds present in the wheat by using ethanol/water. Absolute ethanol and 50%acetone have been used to prepare antioxidant extracts from wheat and wheatbased cereal products (Yu et al. 2002a, b) , while 70% methanol and 50% acetone are widely accepted solvents for extracting phenolic compounds. Therefore, the present study deals with the extraction of antioxidants in particular to the Indian hard wheat variety (WH, 711) using methanol as an extraction solvent.
Materials & methods

Materials
Wheat grain sample of hard winter wheat variety (WH 711) were procured from local market of Rothak city, Haryana (northern part of India). Standard ascorbic acid and tocopherol were procured from Hi-Media, Bombay. Gallic Acid and catechin were procured from Sigma Aldrich, USA. All chemicals used in the study were either AR Grade or extra pure.
Experimental design and statistical analysis for antioxidants extraction
Response surface methodology (RSM) consists of a group of empirical techniques devoted to the evaluation of relation existing between a cluster of controlled experimental factors and the measured responses, according to one or more selected variables under investigation are necessary for achieving a more realistic model. Three variables were selected to find the optimized condition for antioxidants extraction using central composite face centred design (CCRD). CCRD provide relatively high quality predictions over the entire design space and do not require using points outside the original factor range. The independent variables studied were solvent concentration (% v/v), extraction temperature (°C), and extraction time (minutes) while response variables were free phenolic content, total flavonoids content, total antioxidant activity, hydrogen peroxide scavenging activity and reducing power. The range and the levels of the experiments variables used in the coded and uncoded form in this study are given in Table 1 . The central value (zero level) chosen for experiment design were solvent concentration 85% (v/v), extraction temperature 55°C and extraction time 30 min. in developing the regression equation, the test factors were coded according to the equation.
Where X i is the coded value of the i th independent variable, X 0 i is the natural value of the i th independent variable, X x i is the natural value of the i th independent variable at the center point and DX i is the step change value or difference between maximum and minimum value.
The following quadratic response function for n variables with interaction terms was considered for the mathematical relationship between independent & dependent variables.
Where Y is the measured response, b 0 , b i, b ii , and b ij are the regression coefficients for intercept, linear, quadratic and interaction terms, respectively and X i and X j , where X i and X j are the coded value of the i th & j th independent variables. The variable X i X j represents the first order interaction between X i and X j for (i<j).
Selection of relevant variables and experimental ranges
The initial step was selecting the relevant factors in antioxidants extraction and the experimental ranges for the independent variables. The selection of the solvent type was crucial because different studied showed that there was potential effects of the extracting solvent on an antioxidant activity estimation for the wheat bran. Most of researchers studied different nutraceutical present in different fractions of the wheat by using ethanol, methanol, acetone and water as a solvent. LiyanaPathirana and Shahidi (2005) already explored the optimization of extraction of the phenolic compounds present in the wheat by using ethanol/water. Absolute ethanol and 50%acetone have been used to prepare antioxidant extracts from wheat and wheat-based cereal products (Yu et al. 2002a, b) , while 70% methanol and 50% acetone are widely accepted solvents for extracting phenolic compounds. Therefore, the extraction of antioxidants was carried out by using methanol as an extraction solvent from the Indian hard wheat variety. The experimental ranges for the independent variables were selected as concentration of the solvent in range of 70-90% v/v, temperature in range of 30-80°C, time in range of 15-45 min with respect to the reported literature (Yu 2007) . The CCRD was chosen to design a series of experiments to provide data to determine the relationship between the responses (i.e free phenolic content, total flavonoid content, total antioxidant activity, ferric reducing power and hydrogen peroxide scavenging activity) and the three process parameters, with the specific ranges (Table1).
The coded and corresponding actual values were used to determine the actual levels of the variables for each of the 20 experiments as given in Table 1 .
Extraction of total antioxidants
Bran from WH 711 was obtained by milling the grain in local conventional grinding mill, followed by sieving (60 mesh) to separate flour from bran. 10 gm of wheat bran sample (WH 711) was dissolved in 200 ml of the solvent and then heat it for required time-temperature combination as per the RSM experimental conditions as shown in Table 1 . Each time, the mixture was filtered through Whatman filter paper (640 d, slow) and the supernatant was concentrated using a rotary evaporator at 40°C and then the final volume was adjusted to 40 ml. The antioxidants extract were kept in the dark under refrigerated condition until further analysis.
Analyses of the response variables
Free phenolic compound (FPC)
FPC of the wheat bran extracts was determined following the method of Singleton and Rossi (1965) . Briefly, reaction mixture contained 200 μl bran extracts, 800 μl freshly prepared diluted (1:10) Folin-ciocalteu reagent, and 2 ml of 20% sodium carbonate. Volume of the resulting mixture was adjusted to 10 ml and placed in dark for 2 h to ensure completion of reaction. The absorbance of resulting bluecolored mixture was measured at 760 nm against sodium carbonate (20%) as a blank by using a spectrophotometer (UV5704SS, ECI, India), with 1 cm cell. Gallic acid was used as calibration standard and results were calculated as gallic acid equivalents (mg/g) of bran.
Total flavonoids content (TFC)
TFC of the wheat bran extracts was determined following the method of Nieva Moreno et al. (2000) . Aliquots of diluted extracts (0.5 ml) were added to test tubes and mixed with 0.1 ml of 10% aluminium nitrate, 0.1 ml of 1 M aqueous potassium acetate and 4.3 ml of 80% methanol. The reaction mixture was kept for 40 min at room temperature and then the absorbance of the reaction mixtures was measured at 415 nm. 80% methanol was used as blank. Catechin was used as a standard compound to construct a standard curve and results were calculated as catechin equivalent (mg/g) of bran.
Total antioxidant activity (TAA)
TAA of the wheat bran extracts was evaluated by the phosphomolybdenum method (Jayaprakasha et al. 2002) . The assay is based on the reduction of Mo (VI) -Mo (V) by the extract and subsequent formation of a green phosphate/Mo (V) complex at acidic pH. The extract 0.3 ml was combined with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes containing the reaction solution were incubated at 95°C for 90 min. Then the absorbance of the solution was measured at 695 nm using spectrophotometer (UV5704SS, ECI, India) against blank after cooling to room temperature. Methanol (0.3 ml) in the place of extract was used as the blank. The antioxidant activity is expressed as mmol ascorbic acid equivalents per gram of bran.
Ferric reducing power (FRP)
The FRP of wheat bran extracts was determined following the method of Oyaizu (1986) with some modifications. The assay medium contained 1 mL of wheat bran extract in 2.5 ml of the 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. After incubation at 50°C for 20 min, 2.5 mL of 10% trichloroacetic acid were added to the mixture followed by centrifugation for 10 min. One millilitre of the supernatant was mixed with 2.5 mL distilled water and 0.5 mL of 0.1% ferric chloride, and then the absorbance of the resultant solution were noted at 700 nm against phosphate buffer (6.6) as blank. A standard curve was prepared using various concentrations of ascorbic acid and the reducing power was expressed as mmol ascorbic acid equivalents per gram of bran.
Hydrogen peroxide scavenging activity (HPSA)
The HPSA assay was carried out following the procedure of Ruch et al. (1989) . Wheat bran extract (2.5 ml) were dissolved in 3.4 mL of 0.1 M phosphate buffer (pH 7.4) and mixed with 0.6 mL of a 43 mM solution of hydrogen peroxide prepared in the same buffer. The absorbance of the reaction mixture was recorded over a 40-min period at 10 min intervals at 234 nm. A blank sample devoid of hydrogen peroxide was used for background subtraction. The concentration of hydrogen peroxide in the assay medium was determined using a standard curve of tocopherol and antioxidant activity was expressed as mmol hydrogen peroxide scavenged per gram of bran.
Optimization and validation of the model 'Design expert-7.1.6' software was used for regression and graphical analysis of the data obtained. The optimum values of the selected variables were obtained by solving the regression equation and also by analysing the response surface contour plots. The verification of the validity and adequacy of the predictive extraction model was realized in these optimum conditions of solvent composition, temperature and time of contact.
Results and discussion
Fitting the models In RSM, natural variables are transformed into coded variables that have been defined as dimensionless with a mean zero and the same standard deviation (LiyanaPathirana and Shahidi 2005) .The experimental and predicted values for responses (FPC, TFC, TAA, FRP, and HPSA) under different combination of extraction conditions are given in Table 2 . The results showed that FPC, TFC, TAA, FRP and HPSA of hard wheat bran ranged from 0.30 to 1.04 mg (gallic acid equivalent-GAE)/g bran, 0.072-0.510 mg Catechin equivalent per g bran, 0.0082-0.016 mM ascorbic acid equivalent/g bran, 0.77-2.67 mM ascorbic acid equivalent /g bran and 0.32-3.17 mM tocopherol equivalent /g bran respectively for the samples treated under different extraction conditions as shown in Table 2 .
The maximum FPC, TFC, FRP and HPSA were obtained when the solvent concentration, extraction temperature and extraction time were 85%v/v, 80°C, 30 min while minimum was at 70%v/v, 30°C, 15 min (Table 2) . TAA was maximum when the solvent concentration, extraction temperature and extraction time were 85%v/v, 55°C, 45 min while minimum was at 100%v/v, 30°C, 15 min ( Table 2) .
The parameters of regression equations obtained by fitting of FPC, TFC, TAA, FRP and HPSA data are given in Table 3 . The fitness and adequacy of the model was judged by the coefficient of determination (R 2 ) and the significance of lack-of-fit. R 2 which can be defined as the ratio of the explained variation to the total variation was a measure of the degree of fit (Chan et al. 2009 ). The closer the R 2 value to unity, the better the empirical model fits the actual data. The coefficient of determination, R 2 , were 0.977, 0.980, 0.962, 0.985 and 0.988 for the regressed models predicting the FPC, TFC, TAA, FRP and HPSA respectively, suggesting a good fit. The predicted models seemed to reasonably represent the observed values. Thus, the responses were sufficiently explained by the models.
The absence of lack of fit for all responses also strengthened the reliability of the models.
The adjusted R 2 was a corrected value for R 2 after elimination of the unnecessary model terms. If there were many non-significant terms have been included in the model, the adjusted R 2 would be remarkably smaller than the R 2 (Chan et al. 2009 ). In this study, the adjusted R 2 was for all responses very close to their corresponding R 2 value. High values of adjusted R 2 also advocated significance of the model for all responses. The coefficient of variation (CV) describes the extent to which the data are dispersed (Liyana-Pathirana and Shahidi 2005). The coefficient of variation is a measure of residual variation of the data relative to the size of the mean; the small values of CV give better reproducibility. The small CV (Table 3) revealed that the experimental results were precise and reliable.
The significance of each coefficient was determined using the F-test and p-value in Table 4 . The corresponding variables would be more significant if the absolute F value becomes greater and the p-value becomes smaller (Wang et al. 2007 ).The F-value for all responses model were greater than the tabulated F value which indicating the adequecy of the models to predict different responses at different extraction conditions.
Analysis of response surface
Free phenolic content (FPC)
Effect of solvent concentration, temperature and time on FPC The contour and three-dimensional plots for FPC found in hard winter wheat bran as the response in function of two factors and keeping the other fixed at middle level is shown in Fig. 1 . It was evident that the FPC increases with the increased solvent concentration upto 85.7% then decreased at constant time 30 min. It has been established that the extraction yield of phenols is greatly depending on the solvent polarity. Yilmaz and Toledo (2006) found that aqueous solutions of ethanol, methanol or acetone were better than a single compound solvent system for the extraction of the total phenols from Muscadine seed power. Jayaprakasha et al. (2007) reported that ethanol that ranged from 40% to 80% had greater efficiency in the extraction of polyphenol compounds compared to pure ethanol. The results from this study showed that variations in the polyphenol content of various extracts varied widely, depending on the polarities of solvent used and that aqueous solvents were more efficient in extracting FPC, compared to their corresponding absolute solvents, indicating that the wheat bran polyphenols were highly polar compounds. The data indicates that the model can be fitted at quadratic level (p<0.0001) whereas the model was not significant at linear and interactive level (p>0.1). Besides, the absence of any lack of fit (p>0.05) also strengthened the reliability of the models.
It was observed that FPC increased with the increasing temperature at constant time 30 min (Fig. 1) . Increasing temperature may favour extraction by enhancing solubility of phenolic compounds in the solvent. A major effect of the increase of extraction temperature may be too increased in the rate of the extraction thereby decreasing the extraction time (Cacace and Mazza 2002) . TPC increased with the increased time (Fig. 1) 
Total flavonoid content (TFC)
Effect of the solvent concentration, temperature and time on TFC In the model, all independent variables have positive effect on the TFC at linear level (p<0.005). Effect of the two independent variables on the TFC, when third variable is fixed at middle level, is shown by contour and three dimensional response plots (Fig. 2) . It is evident from the figure that the TFC increased with the increased solvent concentration upto 86.13% then decreased at constant time 30 min. According to Kumar et al. (2008) the optimal extraction yield may be fulfilled when the polarity of the fluid and its flavonoids are coincident. They found that TFC increased with the concentration of ethanol 55-75% and beyond 75%, decrease in the flavonoids content was noticed in case of leaves of Tabernaemontana heyneana Wall. Ethanol interacts with the flavonoids probably through noncovalent interactions and promotes a rapid diffusion into the solution (Luque de Castro and Tena 1996) . Various concentration of ethanol used exhibited different effect in changing the fluid polarity and thus had diverse effect on the solubility enhancement of the flavonoids (He et al. 2005) .
At fixed time 30 min, TFC increased with the increasing temperature (Fig. 2) . Kumar et al. (2008) reported that the contents of flavonoids gradually increased with a rise in the temperature in a range of 55-85°C with a 10°C temperature interval. It may be probable that the greater speed of the molecule movements in higher temperature may cause flavonoids diffusion more quickly from cell to extracting agent. He et al. (2005) found that temperature's effect on extraction is dual. On one hand, higher temperature can accelerate the solvent flow and thus increase the flavonoids content and on the other hand, higher temperature can decrease the fluid density that may reduce the extraction efficiency. The contour and 3D graph (Fig. 2) showed that TFC increased with increasing the time at constant temperature 55°C. Kumar et al. (2008) results showed that the contents of flavonoids extracted for 2 h reached maxima and prolonged extraction may not yield an increased content.
Total antioxidant activity (TAA)
Effect of the solvent concentration, temperature and time on the TAA Both solvent concentration and temperature were found to be significantly negative quadratic effect on FPC (p<0.001). Figure 3 illustrated three-dimensional response surface plots by presenting the response in function of two factors and keeping the other constant at its middle level which showed the effects of the selected parameters on TAA. It is depicted that TAA increased with the increased solvent concentration upto 83.82% then decreased. TAA has been reported to reach a maximum followed by a deceases with further increased in the proportion of the organic solvent in the extraction medium (Liyana-Pathirana and Shahidi 2005) .Methanol is usually recommended for the extraction of antioxidant compounds (Iqbal et al. 2005) and its effectiveness could be improved by adding water as co-solvent, particularly, in the protocols, where the extraction of antioxidant compounds of a multifarious nature is mandatory.
With regards to the temperature, TAA increased with the increasing temperature upto 60°C and then begin to decline (Fig. 3) . Similar behaviour was also found by LiyanaPathirana and Shahidi (2005) . Results indicated that mobilization of active compounds from the substrate may occur upto certain level followed by their possible loss due to decomposition at higher temperatures. According to Wettasinghe & Shahidi (1999) , high temperatures may mobilize certain antioxidants while promoting possible concurrent decomposition of antioxidants which were already mobilized at lower temperature. It was also stated that the rate of extraction of thermally stable antioxidants at elevated temperatures is higher than the rate of decomposition of less soluble antioxidants. This has been suggested by the relatively high antioxidant activities possessed by extracts prepared at higher temperatures. Increasing temperature may favour extraction by enhancing solubility of phenolic compounds in the solvent. TAA increased when extraction time increased from 15 to 45 min (Fig. 3) . Liyana-Pathirana and Shahidi (2005) results showed that TAA increased when extraction time increased from 15 to 60 min. Beyond 70 min, TAA decreased sharply and reached minimum at 105 min, possibly due to the decomposition of active compounds during the prolonged extraction time.
Ferric reducing power (FRP)
Effect of the solvent concentration, temperature and time on the FRP At constant time 30 min, the FRP increased with the increased solvent concentration upto 86.79% then decreased (Fig. 4 ). This conclusion is in agreement with the results of Negi et al. (2005) , who reported that methanol extract of sea buckthorn seed had higher reducing power than extracts using low polarity chloroform. Turkmen et al. (2007) polyphenols with higher reducing power at all different extraction times. The reducing potential of antioxidant components is very much associated with their total phenolic content. The plant extracts with higher levels of total phenolics also exhibit greater reducing power (Cheng et al. 2006 ). The reducing capacity of a compound may reflect its antioxidant potential. It has been reported that the reducing properties are generally associated with the presence of reductones, which have been shown to exert antioxidant action by breaking the free radical chain by donating a Fig. 1 Response surface and contour plots for Free phenolic content, in function of solvent composition, temperature and time. The value of the missing independent variable in each plot was kept at the centre point hydrogen atom (Shahidi 2000) . Duh (1998) stated that reductones are efficient reducing agents and their efficiency is attributed to their hydrogen-donating ability. The results on reducing power demonstrate the electron donor properties of wheat extracts thereby neutralizing free radicals by forming stable products. The outcome of the reducing reaction is to terminate the radical chain reactions that may otherwise be damaging (Yen and Chen 1995) . In the model, solvent concentration and temperature were found to be significant model terms (P<0.05) in linear manner. Fig. 2 Response surface and contour plots for total flavonoid content, in function of solvent composition, temperature and time. The value of the missing independent variable in each plot was kept at the centre point Figure 4 indicates that FRP increased with increasing the temperature and time that followed the FPC compound model behaviour. Satoh et al. (2005) observed that there was a strong correlation between the FRP and TPC of different tea extracts including black tea. Fig. 3 Response surface and contour plots for total antioxidant activity, in function of solvent composition, temperature and time. The value of the missing independent variable in each plot was kept at the centre point manner (p<0.005) but other two variables (temperature and time) displayed significant effect at linear level (p<0.005) only. The HPSA increased with the increasing solvent concentration upto 86.18% then decreased at the fixed time 30 min (Fig. 5) . Duh et al. (1999) reported results for Chrysanthemum morifolium with high relationship between TPC and HPSA of the water extracts. The extracts were capable of scavenging hydrogen peroxide in a concentration-dependent manner. Hydrogen peroxide itself is not very reactive, but sometimes is toxic to cells because it may (Alam et al. 2009 ).
With regards to the temperature, HPSA increased with increasing the temperature is presented in Fig. 5 that followed the FPC model behaviour. Duh et al. (1999) reported results for Chrysanthemum morifolium with high relationship between TPC and HPSA of the water extracts. The contour and 3D graphs (Fig. 5) shows that HPSA increased with the increasing time. The flavonoid compounds of V. negundo extract along with carotene and ascorbic acid present therein may probably be involved in removing the H 2 O 2 (Alam et al. 2009 ). Kumar et al. (2008) results showed that the contents of flavonoids extracted for 2 h reached maxima and prolonged extraction may not yield an increased content.
Optimization of parameters to maximize antioxidants extraction
Design expert software 7.1.6 was used to optimize the antioxidants extraction conditions like solvent concentration, temperature, time to maximize extraction of nutraceutical potentials like FPC, TFC, TAA, FRP and HPSA. The software uses second order model to optimize the responses. Predicted values of different responses on optimum conditions (in the range constraint) are given in Table 5 . When constaint in the range were selected then the optimum conditions were found as 85.78% v/v solvent concentartion, 74.35°C temperature and 45 min time with the desirability of 90.4%. But in practice, however, it is difficult to maintain the recommended conditions during processing and some deviation is expected. Therefore, optimum conditions were targeted as 85% v/v solvent concentartion, 75°C temperature and 45 min time with a desirability of 93.8%. Predicted values of different responses on targeted optimum conditions are given in Table 5 . Response surface and contour plots for desirability, Fig. 6 Response surface and contour plots for desirability, in function of solvent composition and temperature. The value of the missing independent variable in plot was kept at the centre point in function of solvent composition and temperature and the value of the missing independent variable in plot was kept at the centre point is shown in Fig. 6 . In case of targeted value of constraint, it was observed that predicted values of TAA, FRP and HPSA values were marginally lower than in range constraint predicted values whereas targeted constraint had provided little higher predicted values of the FPC, TFC and desirability.
Verification of predictive model
On the above said optimum condition (target constraint), all experiments were conducted for checking the variation in value of nutraceutical potentials of wheat bran (WH 717). The experimental values of different responses on these optimum conditions of different wheat bran are given in Table 5 . which showed that the experimental results were very close to the predicted one. This implied that there was a high fit degree between the values observed in experiment and the value predicted from the regression model. Hence, the response surface modeling could be applied effectively to predict extraction of the nutraceeutical for the hard wheat bran.
Conclusions
Response surface methodology was sucessfully used to determined the optimum antioxidants extraction conditions that yield maximum extraction of different nutraceutical potentials like TPC, TFC, TAA, FRP and HPSA.. The second-order polynomial model gave a satisfactory description of the experimental data. Result showed that aqueous methanol was more efficient in extracting FPC, TFC, TAA, FRP and HPSA as compared to their corresponding absolute one. The optimal conditions for the antioxidants extraction were found to be methanol concentration of 85%v/v, extraction temperature of 75°C, extraction time of 45 min, for hard wheat bran. Under the optimum conditions, the experimental values of FPC, TFC, TAA, FRP and HPSA were agreed with those predicted, thus indicating suitability of the model employed.
